Background and Objective: The association of Triglyceride/High Density Lipoprotein-Cholesterol (TG/HDL-C) ratio with fasting serum insulin, which is an alternative method of insulin resistance (IR) measurement, is well-recognized. Thus, the measurement of TG/HDL-C ratio is useful to determine both IR and dyslipidemia, which itself is a characteristic of individuals with IR. Therefore, this study aimed to investigate the relationship between TG/HDL ratio as an indicator of IR, with different fasting blood glucose levels.
determine IR using various metabolic parameters (9) . People in early stages of IR development have increased High Density Lipoprotein-Cholesterol (HDL-C) and Triglyceride (TG) levels (1) . It is reported that the TG/HDL-C ratio is associated with fasting serum insulin (FSI) level, which is an alternative method of IR measurement. Therefore, measuring the TG/HDL-C ratio is not only useful to identify IR, it can also help the identification of dyslipidemia which itself is a characteristic of patients with IR. Due to ethnic/racial differences in TG, HDL-C and FSI levels, the relationship between TG/HDL-C with FSI differs in different ethnic groups (10) . Therefore, this study was aimed to investigate the relationship between the TG/HDL ratio, as an IR indicator with different fasting blood glucose levels.
MATERIAL AND METHODS
This case-control study was done after obtaining written consent from 343 volunteers with no history of diabetes, use of blood glucose lowering drugs and FBS levels of not less than 126 mg/dl. For biochemical analysis, 5ml of brachial vein blood were collected after 14 hours of fasting which were immediately centrifuged at 2500 rpm. After centrifugation, serum was removed and the FBS, TG and HDL-C levels were measured by enzymatic colorimetric assay using an autoanalyzer device (Pars Azmoon kit, Pars Azmoon Co., Tehran). The subjects were then divided into three groups based on their FBS levels. The first group included healthy subjects with FBS of less than 100 mg/dl, the second group included subjects with IFG and FBS of 100-110 mg/dl and the third group included people with IGT and FBS of 110-125 mg/dl. The obtained data were analyzed by SPSS-18 statistical software. P-value of less than 0.05 was considered as statistically significant.
RESULTS
In this study, 140 men and 201 women, aged 16-95 were participated. Mean level of FBS, TG and HDL-C in women were 94.17, 126.49 and 37.11 mg/dl and in men were 96.74, 148.25 and 34.72 mg/dl, respectively. Of the 343 participants, 258 patients (105 males and 153 females) were in the first group, 57 (22 males and 34 females) were in the second group and 28 (13 males and 14 females) patients were in the third group.
INTRODUCTION
Insulin resistance (IR) is a condition in which the body demands more insulin to sustain the glucose levels in the normal range (1) . IR is associated with type II diabetes, metabolic syndrome and cardiovascular disease. Increased incidence of these disorders in Asian population is attributed to lifestyle changes and dietary patterns (2) . Metabolic disorders including dyslipidemia (hypertriglyceridemia, decreased HDL-C, increased LDL) are significantly associated with IR. IR should be assessed clinically in cases of abdominal obesity, hypertension, dyslipidemia, family history of type II diabetes and in certain ethnic groups (HindiAsians and Hispanics) (3). Based on previous reports, IR has been observed even in people who are not overweight and many studies have been performed on its role as a predictor of cardiovascular disease in addition to body mass index (BMI) (4) . Although many studies demonstrated the effects of dyslipidemia on the function of pancreatic beta cells in hyperglycemic individuals, its relationship in people with normal glucose tolerance should be clarified (5) . Impaired fasting glucose (IFG) tolerance is one of the most common glycemic disorders and is often considered as an indicator of prediabetes (6) . When impaired glucose tolerance (IGT) is detected along with elevated levels of fasting glucose or oral glucose tolerance test, a large number of beta cells have been destroyed . In this case, the early detection of IR can help prevent Type II diabetes by lifestyle modifications (7) . Many studies investigated IR in people with IGT and diabetes, and limited number of studies has evaluated IR in people with normal glucose tolerance (8) . There are several laboratory methods to assess IR levels and hyperinsulinemia, but the Hyperinsulinemic-euglycemic clamp technique is considered as the reference method for IR measurement. Although this method is ideal for research purposes, it is expensive, time consuming, requires special techniques and is unacceptable among patients because it involves several blood sampling phases (3). The homeostatic model assessment (HOMA) was introduced as an alternative to simplify former methods, however this method is less useful in healthy subjects compared to those with IR. Thus, researchers are seeking different ways to groups (P=0.003). However, no significant difference was observed in the mean level of HDL among the three study groups. TG/HDL index was not significantly changed, but a significant difference was observed between the IGT of healthy individuals (P=0.004) and IGT of patients with IFG (P=0.029).
TG/HDL-C ratio did not increase. Of these, 40 patients had metabolic syndrome with only 12 in the IR tertile. Sensitivity, specificity and positive predictive value of metabolic syndrome for the diagnosis of IR in their subjects were 30%, 96% and 86%, respectively. Also, 17 people had the lipid criteria, 7 of which were in the IR tertile. The sensitivity of this method for the determination of IR was only 17% in the mentioned study and their results showed that the TG/HDL-C ratio is not reliable for IR measurement among African-Americans. However, the present study and the aforementioned study are different in the aspect of TG increase and plasma TG/HDL-C ratio (12) . Mandiya et al. studied apparently healthy individuals with recent diagnosis of IGT, IFG or both. Overall, 241 (32.2%) of the patients had IR (HOMA-IR index of 4.4 ± 1.6) in this study. The optimal amount of TyG index was determined by receiver operating characteristic (ROC) curve. The amount of TyG index gradually increased from healthy subjects to people with IGT and Overall, 133 (51.6%), 36 (63.2%) and 19 patients (67.9%) had values higher than 3 for the index, respectively. There was no statistically significant difference between the three study groups (p = 0.099). There were significant differences between the mean of age and TG level of patients in the three
DISCUSSION
This study investigated the efficacy of TG/HDL-C ratio in assessment of IR in patients with various ranges of glucose tolerance. In Gacio study, the HOMA-IR index was used to determine the amount of IR and all lipid parameters, except for HDL-C were positively associated with HOMA-IR. Compared to other lipid parameters, the relationship between HOMA-IR and TG/HDL-C was higher in the four tested ethnic groups. For each unit increase in TG/HDL-CODDS, IR increased up to 4-fold in Native Canadians, 3.4-fold in the Chinese, 1.9-fold in Europeans and 1.8-fold in South Asians. In the mentioned study, the TG/HDL-C ratio was considered as a good marker for IR measurement in all groups except South Asians, which is in agreement with the present study (11) . Sommer et al. investigated individuals with BMI = 25 and determined the IR level using € index of insulin sensitivity (S1 insulin was correlated with the TG/HDL-C ratio and TyG index, which is consistent with the findings of the present study (18) . In the study of Liu et al. cut-off points of 3.5, 2, 2.23 and 3 were used for the TG/HDL-C ratio in different ethnic groups and the area under the curve of this ratio for prediction of hyperinsulinemia was reported as 0.77 and 0.74 for the tested ethnic groups. The results of this study showed a significant relationship between this ratio and fasting insulin level among three ethnic groups in America. This is consistent with our findings in terms of the TG/HDL-C ratio, but no ethnical investigation was done in our study (19) . In Stein et al. study on non-diabetics, a significant correlation was observed between insulin sensitivity and TG, HDL-C and TG/HDL-C ratio which are in agreement with the present study. Moreover, individuals with moderate TG levels had IR level equivalent or higher than individuals with high TG levels (20). In McLaughlin et al. study on obese non-diabetics, the optimal cut-off point for TG and TG/HDL-C ratio was 1.47 and 1.8, respectively. The results of this study showed the useful application of the TG or TG/HDL-C ratio cut-offs in determination of IR in obese people. These results are in agreement with the present study in terms of TG and TG/HDL-C ratio measurement and their significant positive association with IR detection. However, the parameter of weight was not evaluated in our study (21). In study of Chiang et al., for each unit increase in the TG/HDL-C ratio, IR increased by 31% when evaluated by the HOMA method, which is in agreement with the findings of present study (22) . In Hadaegh study in Iran, the prevalence of metabolic syndrome in individuals with TG/HDL-C ratio of ≤6.9 (top quartile) and TG/HDL-C ratio of > 2.8 (bottom quartile) was 63.6% and 3%, respectively. This is consistent with our findings in terms of the TG/HDL-C ratio and its relationship with metabolic syndrome (23).
CONCLUSION
Considering the significant increase of the TG/HDL ratio in patients with impaired glucose, using this index in evaluation of glycemic disorders can be helpful. Given the dependence of this index to nutritional and genetic status, it is recommended to IFG or both of them, with or without IR. HOMA-IR and TyG indices showed similar trends and the amount of Pearson correlation between HOMA-IR index and TyG was 0.322 and 0.172 between HOMA-IR index and TG/HDL-C ratio. This was consistent with the findings of the present study in terms of increasing trend of the index (13) . The HOMA-IR model was used to measure IR in ZiYang study on 105 women with polycystic ovary syndrome (PCOS) and 109 healthy controls. The diagnostic criteria of PCOS for individuals with IR was reported as HOMA-IR of more than 2.77. Further studies showed that the TG/HDL-C, TC/HDL-C and LDL-C/HDL-C are suitable diagnostic markers for people with PCOS and IR. The area under the ROC curve in TC/HDL-C was the highest with 93.2% sensitivity and 83.8% specificity. After measuring the levels of TG, glucose, fasting insulin and HDL-C, the TG/HDL-C ratio was found to be significantly correlated with HOMA-IR (P <0.05), which is in agreement with our findings in terms of increased TG and plasma TG/HDL-C ratio (14) . In the study of Knight et al. on 801 nondiabetic overweight African black women and 143 non-diabetic white women, after measuring the TG/HDL-C ratio and IR by the HOMA-IR method, no relationship was observed between this ratio and IR prediction. The area under the ROC curve was calculated to evaluate the predicting ability of TG/HDL-C ratio for IR and reported as 0.76 ± 0.06 and 0.63 ± 0.03 in white and black women, respectively. In the present study, a correlation was found between the TG/HDL-C and IR which is inconsistent with the study of Knight et al. (15) . In Kim et al. study, the HOMA-IR index was found as 2.59. Similar to the present study, IR of both groups of men and women were measured by HOMA-IR which was positively correlated with TG and TG/HDL-C ratio and negatively correlated with HDL-C. Both of these correlations were statistically significant and are in agreement with our findings (16) . In Tangvarasittichai et al. study on type II diabetes patients, the TG/HDL-C ratio was significantly correlated with the HOMA-IR index which is consistent with the present study findings (17 
